Résumé. 2014 Once the ideal structure is constructed, melting can be simulated and analysed.
).
We shall search here for crystalline structures filling the space available, with as much homogeneity, and made of as similar, isotropic cells, as is compatible with the boundary conditions. The whole structure should be described by a single algorithm which must be as simple as possible.
There [4] . It is also believed that the solar granulation is also a result of convective motion [5] . There 1) The cellular pattern is rotating. The trajectory of an individual cell is a spiral, with angular period that of the Foucault pendulum [4] .
2) The cell rotates about itself with the same period, but undergoes large, apparently random fluctuation of magnitude 2 7r/5.
3 [4] in a silicone oil layer (thickness about 1 mm).
threshold temperature, the pattern begins to melt [8] . Knowledge of the crystalline structure (with its necessary number of defects, see below), is a prerequisite for understanding the dynamics of melting.
Similar patterns (Fig. 2) are obtained in nematic liquid crystals, with hydrodynamic instability induced by circular shear [8, 9] . The shear rate plays the part of the Marangoni number in the melting of the structure.
Observations (1) and (2) point at the Coriolis force of the earth's rotation as the main agent in the evolution of the cellular structure (1) other to maintain their correct size, which is given by hydrodynamics (a = 1.9 e, e = thickness [4] ).
The repulsion is soft, more akin to the magnetic ball model than to the bubble-raft model [10] [12] . This is why a radiolaria has more non-hexagonal cells than the 12 it needs topologically [13] . Dislocations The area can be regarded as partitioned into concentric, quasi-circular shells containing an integer number of cells, m say, such that 0(l + m) L--0(l) [17] . It Fig. 5) require more bits to encode [23] .
Homogeneity figure 5 , very different in appearance from the normal phyllotaxis of figure 6 . In these structures, the spiralling is conspicuous from the centre outwards, (4.6) , but the articulation between successive gains is different from normal phyllotaxis, and grains are no longer self-similar.
In this section, we have shown that homogeneity and self-similarity of the structure imply that A must merge into the Golden section, A = 1/(ql + 1/(... + l/r)), after a few qi ¥-1.
The structures are few and generated by a very simple code { ql' ..., 1 } which is the equivalent of the unit cell in crystallography. They reproduce perfectly (Fig. 6) circular grain boundaries, is so apt to dissipate shear strain that this feature should be conserved in hydrodynamic patterns subjected to Coriolis force. The azimuthal part of the algorithm 4.1, with ,the proper selection of A terminating as 1/r to guarantee homogeneity and self-similarity, must therefore be kept.
On the other hand, the radial law r(1 ) should be modified to eliminate spiralling. , It is expected that the generative spiral is responsible for the spiralling of the parastichies, and, to get rid of it within cylindrical symmetry, one should replace the generative spiral by concentric, circular shells.
The first 4 shells should fit, as much as possible, a perfect triangular structure (hexagonal cells) in the neighbourhood of the geometrical centre. This selects the first few qi of the possible A which were hitherto arbitrary. The triangular structure has its cells on circular layers containing n cells at distance p(n) from the centre, with b, the lattice spacing. The histogram follows r = a JT (4.1), as befits a uniform density of cells of area na2 = (J3/2) b2, thus bla = (2 nlV3)1/2 1.9.
The first few layers in (1) can be grouped together in concentric shells with non-decreasing numbers nm of cells, according to three alternatives
We shall require that the first few shells generated by A Moreover, the geometry of random polycrystalline mosaics is still in its infancy [3, 25] . There is also the problem of defining a cell. Our patterns are generated by specifying the centres, or seeds of the cells, which are then determined by Voronoi Fig. 2 to Fig. 7 ). This relaxation algorithm is a local constraint forcing hexagons to be regular. ( We are grateful to P. Manneville for his specific coments on this point.) 6 . Melting of the Benard convective structure. Once the « crystalline )) structure has been constructed, it is easy to simulate its melting by random fluctua- [26] . Accurate description of the crystalline structure is a prerequisite to any investigation of its melting. In this Section, we simulate disorder and melting at two temperatures AT above the convective instability threshold (Fig. 8) . The first example corresponds to a low temperature excitation of the crystalline structure, whereas the second structure is clearly liquid. A complete analysis will be the subject of a future publication.
Because the essence of the crystalline structure (self-similarity, homogeneity) lies in the azimuthal part of algorithm 4 The cells should become more regular after the relaxation procedure, discussed in § 5, is applied. [27, 28, 29] . The pattern of orbits is then self-similar [29] . These references have been brought to our attention during redaction of this manuscript).
The daisy (Fig. 6) (Fig. 7) . - Bm. We also list the label I' of the last cell of a given grain in the Daisy [22] .
